Introduction {#sec1-1}
============

Acute subdural hematomas (aSDH) account for 50%--60% of all subdural hematomas. In the majority of cases, they are related with a traumatic event. Rarely, they may occur spontaneously or after a minor trauma in patients receiving anticoagulant or antiplatelet therapy or after aneurysmatic rupture, mainly posterior communicant artery.\[[@ref1]\] Considering the posttraumatic aSDH, two main types should be considered: (1) the aSDH related to contusion, laceration and intracerebral hematoma (ICH) -- burst lobe syndrome- and (2) the aSDH related to rupture of bridging vessel. The first one is usually related with significant primary brain injury, often with no lucid interval and may show delayed neurological deterioration. The second one is related to brain acceleration-deceleration during violent head motion, with less severe brain injury and the presence of lucid interval.

In Western countries, road traffic accidents are one of the leading causes of death and disability among individuals aged \<45 years old. In Portugal, the TBI incidence was 137/100,000 habitants between 1996 and 1997 with a male: female ratio of 3:1.\[[@ref2]\] These numbers have been decreasing in the last years -- 2000 to 2010 - due to the restrict safety measures implemented on traffic policy. The incidence is moving toward the older individuals due to a number of risk factors: normal cerebral atrophy related to aging, stretching the bridging veins from the dura, anticoagulant, or antiplatelet intake due to cardiovascular risk factors or primary/secondary prevention and increased risk of minor trauma.\[[@ref3][@ref4]\]

The problem of oral antithrombotic therapy (OAT) is rising and is a matter of concern in these patients. Some studies suggest that patients undergoing oral anticoagulation therapy (OAT) at the time of injury have worst prognosis compared with those who are not.\[[@ref5]\] Others authors argue that patients under OAT are frequently older than those who are not and the difference in outcome may be due to an age-related factor.\[[@ref6]\] When considering the antiplatelet therapy, there are no evidence that single antiplatelet therapy increases the risk of major bleeding (placebo 2.4% vs. clopidogrel 2.7% in the CURE study). However, hemorrhagic complication seems to increased when we consider double antiplatelet drugs.\[[@ref7]\] Postoperatively, patients on OAT or antiplatelet therapy show no increased risk of rebleeding if they receive reversal agents or platelets.\[[@ref8]\] However, OAT is still not extensively studied in aSDH.

The neurosurgical treatment approach to the patient with aSDH is wide and ranges from palliative care to surgical evacuation. Considering the increased incidence in older ages frequently associated with significant medical comorbidities and low physiological reserve, the identification of prognostic factors is of paramount importance to rationalize its therapeutic approach. Age and anticoagulant/antiplatelet therapy are among important factors that may influence the prognostic on discharge. However, the improvement in intensive care units and the ability to complete or partially reverse the effect of these drugs may attenuate the influence of these variables in the outcome. Other factors may also play a role in prognosis such as neurological status at admission, gender surgical approach, and mechanism of injury. It is important to establish its influence on outcome to reasonably decide each clinical approach. In this article, the authors revised a single-institution series of aSDH to evaluate the impact of these factors in outcome at discharge.

Methods {#sec1-2}
=======

Patient selection and data recording {#sec2-1}
------------------------------------

This is a retrospective cohort study in two phases: a cross-sectional phase where the patients included in the sample were evaluated for the following described variables, and a follow-up phase until hospital discharge or a death event occurred. From January 2008 to May 2012, 89 patients were admitted to Hospital Santa Maria Emergency Room and submitted to aSDH evacuation in the Neurosurgery Department. The following variables were analyzed gender (male/female), age (\<65 years old/≥65 years old), mechanism of injury (spontaneous/traumatic), OAT (none/antiplatelet therapy -- AA/anticoagulant therapy -- AC/both -- AA/AC), Glasgow coma scale (GCS) at admission, acute brain injury (ABI) severity (severe - ≤8/moderate - 9--12/mild - 13--15), pupil reactivity (isochoric and reactive \[IR\]/anisocoric and arreactive \[AA\]), surgical technique (craniotomy/craniectomy), and Glasgow outcome scale (GOS) at discharge. The outcome was also evaluated according to the following categories: death (GOS 1), poor outcome (GOS 2--3), and good outcome (GOS 4--5); and also dichotomized in death/dependent (1--3) versus independent (4--5).

The inclusion criteria were adult patients (age ≥18 years old) admitted to Hospital Santa Maria Emergency Room and submitted to aSDH evacuation in the Neurosurgery Department between January 2008 and May 2012. The exclusion criterion was unknown data concerning the study variables. Sixty-nine patients were included in the study.

Surgical technique {#sec2-2}
------------------

The patient is placed in dorsal decubitus with the head fixed in a Mayfield head holder and laterally rotated toward the opposite side of the hematoma. A trauma flap and the craniotomy are performed after a variable number of burr holes concerning the surgeon preference and the patient characteristics. The dura mater is widely opened and the hematoma is evacuated. The decision of replace the bone is taken by the surgeon concerning the brain parenchyma appearance. The dura is not watertight sutured although artificial dural substitute is used. In this way, a dural expansion is obtained for potential brain parenchyma swelling. The trauma flap is closed with absorbable sutures, in the deeper layers, and with skin stitches. In patients under anticoagulation therapy, fresh frozen plasma or Octaplex^®^ was used to correct the INR, and in those under antiplatelet therapy, pools of platelets were used according to surgeon preference.

Statistical evaluation {#sec2-3}
----------------------

The statistical evaluation was performed using STATA version 13.0 (Texas, USA). For dichotomous evaluation, the Pearson and Fisher Chi-square test were used; for categorical outcomes, an ordered logistic regression was performed; and for dichotomous outcomes with continuous exposure variables an unpaired *t*-test was used. We report *P* values and standard deviations for continuous variables. For outcome assessment, performed using GOS and the rearranged categories, we adjust for the following confounders based on the literature review: age, gender, surgical technique, ICP monitoring, OAT, mechanism of lesion, pupils' size, and reactivity and GCS at admission. *P* \< 0.05 was deemed statistically significant.

Results {#sec1-3}
=======

The studied population involved 69 patients, 52% were male, 74% were older than 65 years, and 41% were under OAT. At admission, 54% presented with GCS ≤8 and 23% were submitted to a craniectomy instead of a craniotomy. Regarding the outcome at discharge, 42% were independent, 32% were dependent, and 26% of the patients died.

Demographics {#sec2-4}
------------

The sample was divided into two groups according to age (\<65 vs. ≥65 years old). In the \<65 years group, lower Glasgow coma scale (GCS) (6.3 ± 2.0), AA pupils (82%), craniectomy (47%), male gender (76%), severe ABI (88%), intracranial hypertension (29%), and no OAT intake (12%) were found statistically significant (*P* \< 0.05). The traumatic etiology was the most frequent in both groups (88% - \<65 vs. 75% - ≥65) \[[Table 1](#T1){ref-type="table"}\].

###### 

Baseline characteristics of the study population - age

![](AJNS-13-565-g001)

According to gender, male subgroup was associated with younger age (65 ± 16.8), traumatic lesion mechanism (89%) and low GCS (7.8 ± 3.7) (*P* \< 0.05). Even though pupil size and reactivity (*P* = 0.096) and ABI severity (*P* = 0.104) did not reach statistically significance, AA (50% vs. 30%) and severe ABI (64% vs. 42%) were more frequent in men \[[Table 2](#T2){ref-type="table"}\].

###### 

Baseline characteristics of the study population - gender

![](AJNS-13-565-g002)

Outcome {#sec2-5}
-------

### Age and gender {#sec3-1}

Either considered as a continuous or a dichotomous variable (\<65 vs. ≥65 years old), age was not associated with the outcome according to GOS.

In general, gender was not also associated with outcome. Nevertheless, when considering a binary outcome (death/dependent vs. independent), male gender was associated with a poor outcome (*P* = 0.044) \[[Table 3](#T3){ref-type="table"}\].

###### 

Baseline characteristics of the study population - Glasgow Outcome Scale categories (1-3 vs. 4-5)

![](AJNS-13-565-g003)

### Clinical factors {#sec3-2}

The influence of the clinical factors in outcome was analyzed using GOS scale and the previous mentioned rearranged groups.

In patients with GOS 1, craniectomy (44%), A/A pupils (36%), low GCS at admission (7.1 ± 0.8), and severe ABI (38%) were more frequent (*P* \< 0.05). Spontaneous aSDH had also higher frequency in GOS 1 group (53%) but with did not reach statistical significance (*P* = 0.082) \[[Table 4](#T4){ref-type="table"}\].

###### 

Baseline characteristics of the study population - Glasgow Outcome Scale

![](AJNS-13-565-g004)

When considering the follow-up GOS groups (death/poor outcome/good outcome), all the previous clinical factors remain significantly associated with death with the exception of craniectomy (*P* = 0.117) \[[Table 5](#T5){ref-type="table"}\].

###### 

Baseline characteristics of the study population - Glasgow Outcome Scale categories (1 vs. 2-3 vs. 4-5)

![](AJNS-13-565-g005)

Considering the evaluated clinical factors, while the crude analysis showed craniectomy, A/A pupils, low GCS at admission and severe ABI statistically significant related to the worst outcome (*P* \< 0.05), the adjusted evaluation revealed only A/A pupils (*P* = 0.04). When considering the follow-up GOS groups (death/poor outcome/good outcome), only the spontaneous etiology reaches a statistically meaningful value for poor outcome (*P* = 0.027). Finally, in the dichotomous outcome analysis, either male gender (*P* = 0.044) and A/A pupils (*P* = 0.030) are related with death/dependent \[[Table 6](#T6){ref-type="table"}\].

###### 

Glasgow Outcome Scale in the adjusted analysis of studied population

![](AJNS-13-565-g006)

Discussion {#sec1-4}
==========

The outcome of adult patients submitted to aSDH evacuation in this series is similar to recent neurosurgical series concerning this issue. Although initial studies reported higher mortality rates ranging from 40% to 90%, in the recent years, neuroanesthesia improvement, dedicated intensive care units, and surgical advances changed this scenario.\[[@ref3][@ref9]\] However, aSDH still caries has a high morbidity and mortality. Therefore, a correct recognition of predictive outcome factors is crucial to an appropriate neurosurgical treatment.

There is data reporting gender influence in prognosis in traumatic brain injury studies.\[[@ref10]\] In a meta-analysis, Farace and Alves found poorer outcome in females surviving severe traumatic brain injury than males.\[[@ref11]\] However, there is also studies suggesting good outcome in clinical use of progesterone after severe TBI.\[[@ref12][@ref13][@ref14]\] Indeed, progesterone seems to decrease cerebral edema and promote neuroprotection.\[[@ref13][@ref14]\] In this study, male gender is associated with poor outcome in the dichotomized analysis. This finding may be related with a higher probability of high-energy injuries in the male population\[[@ref10]\] which is supported by a significant lower GCS in this group.

Age has been considered an important prognostic factor concerning the outcome, particularly in traumatic brain injury patients.\[[@ref10][@ref15]\] However, other authors alerted for discordant results in their series with no influence detected for age as an isolated poor prognostic factor.\[[@ref16]\] aSDH is frequent in older individuals due to age-related cerebral atrophy, increased subdural space, stretching of bridging veins, and higher risk for trauma due to gait or orthopedic-related problems.\[[@ref3][@ref17]\] The surgical and anesthetic risk is also higher considering common comorbidities and decreased physiological reserve.\[[@ref18]\] No meaningful differences were found between both considered age groups (\<65 vs. ≥65 years old) in the present series. Some reasons may explain these results. Indeed, the older individuals are not only more prone to develop aSDH but also they usually present it after low-energy impact. On the other hand, their age-related cerebral atrophy increases the compliance to the developing hematoma. These factors decrease the primary parenchymal injury related to the initial event and may increase the salvageability of the brain with a correct and time-adjusted surgical intervention. Younger patients were submitted to surgical evacuation even in severe lesions in the present series (lower GCS, AA pupils, severe ABI, and intracranial hypertension statistically significant in \<65 years old group). These differences introduced a bias in outcome analysis concerning age. Even though the younger patients (\<65 years) had more severe injuries, the outcome was the same. Paradoxically, this finding probably supports a role for age in TBI outcome.

The vast majority of patients included have suffered a traumatic mechanism of injury (78%) and this found to be a significant prognostic toward good outcome at discharge. On the other hand, spontaneous mechanism of injury was a significant prognostic factor among patients who have died during hospitalization. OAT, myeloproliferative disorders, and inherited coagulation disorders are among the most common ones related to spontaneous aSDH.\[[@ref19][@ref20][@ref21][@ref22]\]

The clinical severity is an important prognostic factor. GCS scale and pupillary size, symmetry and reactivity are broad used elements to evaluate the level of consciousness and brain stem lesions in trauma patients.\[[@ref23]\] Nevertheless, a reliable GCS score main be hard to get in acute situations according to medical sedation, paralysis and/or intoxication.\[[@ref24]\] Motor response is the most reproductive element in trauma patients as the others responses may be blunt.\[[@ref25]\] Considering these limitations, the GCS included was the one recorded at hospital admission. Meaningful differences were found favoring better outcomes in patients with higher admission GCS evaluations.

Abnormalities in pupillary reactivity have been widely related with neurological prognosis as they reflect brainstem compression or intrinsic lesion and are associated with poorer outcome.\[[@ref26]\] This is also supported by the findings of significant good outcome in patients with IR pupils and poorer outcome in patients with AA pupils. It is argued pupillary reactive is a more reliable parameter in the early phase after TBI due to less influence by sedation and paralysis compared to GCS.\[[@ref26]\] No patient with bilateral fixed and dilated pupils was submitted to surgery in the present series.

OAT has been empirically regarded as a prognostic factor of poor outcome in aSDH. Nevertheless, different authors report concordant results supporting neither rebleeding nor mortality among this group of patients and alert for the fact that these results may be affected by the concomitant presence of other potential comorbidities as age and poor medical condition.\[[@ref5][@ref6][@ref8][@ref27]\] Considering that 75% of patients were ≥65 years old, it is not surprising that 41% of patients were under OAT. When comparing patients under OAT with those who were not, no significant difference was found among the GOS subgroups, and no statistically meaningful trend was observed either in OAT or in no-OAT group. Furthermore, 46% of OAT patients were independent on discharge. Even though it is known that previously OAT increases the risk and the extent of aSDH,\[[@ref28]\] the accurate acute treatment through the reversal of iatrogenic hemorrhagic condition minimizes its influence on outcome after surgical evacuation. These results contrast with those of ICH.\[[@ref29]\]

The surgical approach is difficult to analyze concerning the personal issues involved in the chosen procedure. The reason most frequently reported to perform a craniectomy was the existence of intracerebral lesions and brain swelling. Among the literature, discordant results are found some authors report no differences between the two methods\[[@ref30]\] (craniotomy and craniectomy) while others report a tendency toward the poorer outcome in craniectomy patients.\[[@ref31][@ref32]\] Atmospheric pressure, cerebral blood flow (CBF), cerebrospinal fluid, and the impediment of venous return have all been implicated in the cognitive and neurological changes that occur after large craniectomies. Indeed, the CBF is reduced after the acute phase due to the atmospheric pressure and a decrease in cerebral metabolic glucose rate and cerebral metabolic oxygen rate are observed.\[[@ref33]\] Even though this may certainly contribute to the outcome, one can assume that the patients who underwent craniectomy were the most extent lesions who intrinsically had a poor prognosis, producing a bias in the presented results.\[[@ref33][@ref34]\]

Conclusion {#sec1-5}
==========

aSDH is a frequent neurosurgical condition responsible for significant morbidity and mortality. The core of the decision-making process should be built not only by intrinsic hematoma features but also by prognostic factors that may help predicting the outcome and establishing a reasonable approach considering the invasiveness and aggressiveness of the therapeutic measures. Age and OAT were not related with a poor outcome. Male gender has a lower probability of independency living at hospital discharge. AA pupils, low GCS at admission, spontaneous etiology, and craniectomy were associated with the worst outcome.
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